Background To improve the poor prognosis in patients with stage IV (StIV) gastric cancer (GC), we conducted a multicenter phase II study of preoperative S-1 plus cisplatin followed by gastrectomy and postoperative S-1 for StIV GC (the protocol is registered at the clinical trial site of the National Cancer Institute; KYUH-UHA-GC03-01, NCT00088816). Methods Eligibility criteria included histologically proven StIVGC. Patients received S-1 (80 mg/m 2 /day, days 1-21) plus cisplatin (60 mg/m 2 on day 8) for 2 courses. After preoperative chemotherapy (CTx), radical gastrectomy was performed. Postoperative S-1 (80 mg/m 2 /day, days 1-14) was administered every 3 weeks for 1 year. Results Fifty-one patients were enrolled and all patients were followed for more than 2 years. The 2-year overall survival and progression-free survival rates were 43.1% (95% confidence interval [CI] 29.4-56.1%) and 33.3% (95% CI 20.9-46.2%), respectively. Preoperative chemotherapy was accomplished in 44 patients (86.3%). These 44 patients underwent surgery and R0 resection was achieved in 26. The rate of R0 resection for GC with a single StIV factor (n = 24) was 79.2% and that for GC with multiple StIV factors (n = 27) was 25.9%. All patients with cancer cells in peritoneal washings (cytology [Cy] 1) alone (n = 12) became Cy0 after preoperative chemotherapy. Postoperative chemotherapy was completed in 11 patients, including 8 with Cy1 alone. No treatment-related death was recorded. Recurrences were observed in 14 patients after R0 resection. The most frequent recurrence site was the peritoneum. Patients who underwent R0 resection and those with Cy1 alone had a better survival. Conclusions This perioperative treatment was safe and feasible for StIVGC but failed to show a survival benefit. In patients with StIVGC with Cy1 alone this treatment resulted in a better prognosis.
Introduction
Gastric cancer (GC) is one of the leading causes of cancer death worldwide [1] . It is often diagnosed at an advanced stage. The prognosis of stage IV GC is poor (e.g., the 1-, 2-, and 5-year survival rates of stage IV GC are approximately 40, 20, and \10%, respectively [2, 3] ), even if patients are treated surgically.
Recently, several novel regimens of combined chemotherapy, including S-1 plus cisplatin, have produced improved overall survival (OS) rates in patients with unresectable stage IV GC [4] [5] [6] . The median survival time in patients treated with S-1 plus cisplatin was 13.0 months, and the response rate with this regimen was 54%. But its 2-year OS rate, 23.6% (95% confidence interval [CI] 16.8-30.4), was still dismal [6] .
Combinations of some highly effective chemotherapeutic regimens and surgery have given favorable results in resectable, locally advanced GC [7] [8] [9] [10] [11] . Preoperative chemotherapy for advanced GC possesses theoretical benefits. First, this chemotherapy usually shrinks cancerous tissue, increasing the likelihood of R0 resection with extended surgery. Second, more intensive chemotherapy than that used postoperatively is possible, with a higher compliance rate. Third, distant occult metastases can be treated before local therapy has begun. Furthermore, postoperative S-1 alone has been proven beneficial for treating stage II and stage III GC [12] . Hence, one of the most potentially favorable multimodal treatments for stage IV GC would be a combination of preoperative administration of S-1 plus cisplatin, subsequent gastrectomy with D2 nodal dissection, and postoperative S-1 administration. The present study was conducted to evaluate the efficacy, feasibility, and safety of this novel multimodal treatment for stage IV GC.
Patients and methods
This was a prospective multicenter phase II study conducted at eight centers of the Kyoto University Surgical Oncology Group in Japan between May 2003 and March 2008. This protocol is registered at the clinical trial site of the National Cancer Institute (KYUH-UHA-GC03-01, NCT00088816).
Patients
Eligibility criteria included: (1) pretreatment (pre-) histologically proven stage IV GC (pre-N3, pre-T4N2, pre-H1, pre-P1, pre-Cy1, pre-M1) diagnosed by pretreatment helical computed tomography (CT) and staging laparoscopy within 4 weeks before registration, (2) no prior therapy, (3) Eastern Clinical Oncology Group (ECOG) performance status of 0 or 1, and (4) age of 20-80 years. Patients must have had no signs of organ failure, including that of bone marrow, heart, lungs, and kidneys. Acceptable hematologic (white blood cell count C4,000/lL and B12,000/lL, neutrophil count C2,000/lL, platelet count C100,000/lL, hemoglobin C9.0 g/lL), renal (creatinine clearance C 50 mL/min), hepatic (aspartate aminotransferase and alanine aminotransferase B2.5 times the upper limit at each institution, serum total bilirubin B1.5 mg/dL), and respiratory function (arterial partial pressure of oxygen [PaO 2 ] C 70 torr in room air) was required for enrollment in the study.
Exclusion criteria included active gastrointestinal bleeding, infection, diarrhea, simultaneous double cancer, pregnancy, interstitial pneumonia, bowel obstruction, past history of myocardial infarction, massive ascites, severe drug allergy, or severe diabetes. The protocol was approved by the ethics review committees of all participating centers, and all patients gave written informed consent. All patients were registered centrally at the Translational Research Informatics Center, Kobe, Japan, where data management and statistical analysis were performed.
Preoperative chemotherapy
Preoperative chemotherapy was administered for two cycles. Each cycle consisted of daily oral administration of S-1 for 21 days (80 mg/m 2 /day, days 1-21) and intravenous cisplatin (60 mg/m 2 ), with hydration, on day 8; followed by a 2-week recovery period [6] . The toxicity of the induction chemotherapy was assessed on the basis of the National Cancer Institute's common toxicity criteria version 2.0 (NCI-CTC) [13] . If patients had grade 3/4 hematologic or nonhematologic toxicity, including grade 2 or above diarrhea, liver dysfunction, stomatitis, and other toxicities of grade 3 or above, chemotherapy was postponed until recovery. If recovery did not occur within 4 weeks, the chemotherapy was stopped.
Some 7-13 days after each course, resectability and clinical response were evaluated mainly on the basis of CT findings. If curative resection was possible after the second course, the patient underwent surgery 2-4 weeks after completion of the chemotherapy. If patients experienced disease progression or severe adverse events, the protocol was discontinued. Treatment after the discontinuation of preoperative chemotherapy was at the physician's discretion.
Surgery
The surgical criteria included possibility of R0 resection, no evidence of infection, no signs of organ failure, and a neutrophil count of more than 1,500/lL. After laparotomy, resectability was again evaluated. The standard surgical procedure was gastrectomy with D2 nodal dissection. The extent of gastrectomy (total or subtotal) depended on the site and size of the primary tumor. For R0 resection, paraaortic nodal dissection (D3), splenectomy and/or distal pancreatectomy, or partial hepatectomy was attempted if cytologic findings were negative. Palliative gastrectomy was attempted in noncurative cases if the tumor was symptomatic and resectable.
Postoperative chemotherapy Postoperative S-1 (80 mg/m 2 /day, days 1-14) was administered every 3 weeks for 1 year. Eligibility criteria for postoperative chemotherapy included resection of the primary lesion and no definite disease progression at surgery. If gastrectomy was not curative, cessation of the protocol was at the physicians' discretion. Other eligibility criteria were the same as those for preoperative chemotherapy. For 1 year, S-1 was repeatedly administered in a 2-week cycle, followed by 1 week of rest. Criteria for discontinuation and cessation of the protocol were the same as those for preoperative chemotherapy. If recurrence or progressive disease was confirmed, the protocol was stopped. After completion of the protocol without recurrence, no further treatment was administered until tumor recurrence was identified. Treatment for recurrence or progressive disease was at the physicians' discretion.
Endpoints and evaluation
The primary endpoint was the 2-year OS rate, because the prognosis of stage IV GC is poor. The secondary endpoints were the progression-free survival (PFS) rate, objective response rate, pathologic response rate, R0 resection rate, surgical complications, the first recurrence sites, and toxic reactions. R0 resection was defined as pathologically confirmed complete resection of the cancerous lesions with negative peritoneal washing cytology.
The pretreatment stage at registration (pre-stage) was diagnosed according to the Japanese Gastric Cancer Association (JGCA) staging system (13th edition) [14] on the basis of CT and staging laparoscopic findings. If the short-axis diameter of the lymph nodes was greater than 10 mm on a CT scan, the lymph nodes were diagnosed as ''metastatic'' [15, 16] . The anatomic location of metastatic lymph nodes was also identified on CT scans. According to the JGCA staging system, N stage was defined by the anatomic location of the metastatic lymph nodes. At staging laparoscopy, T stage was diagnosed as pre-T3 (tumor penetration of serosa; SE) if the tumor was definitely exposed on the serosal surface. If cancerous changes on the serosal surface were considered minimal at staging laparoscopy, the T stage was diagnosed as pre-T2 (tumor invasion of muscularis propria; MP, tumor invasion of subserosa; SS). The diagnosis of pre-T4 (tumor invasion of adjacent structures; SI) was assessed by CT and laparoscopic findings. Cytology and peritoneal tumor dissemination were also assessed at pretreatment staging laparoscopy [17] [18] [19] [20] and at surgery. The cells collected by peritoneal washing were examined cytopathologically using conventional Papanicolaou and Giemsa staining.
When definite cancer cells or clusters were identified, patients were diagnosed as pre-Cy1, according to the Japanese classification of gastric carcinoma of the JGCA [14] . Objective tumor response was evaluated using the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.0 on the basis of the CT findings [21] . Postoperative final tumor status (post-stage) was diagnosed by comprehensive findings based on clinical, surgical, and pathological findings according to the JGCA classification [14] . Surgical specimens were evaluated pathologically and graded according to the proportion of tumor affected by degeneration or necrosis [11] : grade 0, no part of tumor affected; grade 1a, less than one-third affected; grade 1b, between one-third and two-thirds affected; grade 2, between two-thirds and the entire tumor affected; and grade 3, no residual tumor. The toxicity of preoperative and postoperative chemotherapy was assessed on the basis of NCI-CTC version 2, as described earlier.
Statistical analyses
All data from eligible patients were based on the intentionto-treat principle. This study was designed as a phase II trial with a single stage of accrual. The threshold 2-year survival probability was estimated to be 35%, determined by examining historical data from the Department of Gastroenterological Surgery, Kyoto University, that were collected from 1996 to 2002 (n = 43). The expected 2-year survival rate for this therapy was estimated to be 55%. Assuming that two-sided type I errors were 5% and that the power was 80%, the required sample size was calculated to be 46. The planned sample size was set at 50, with the consideration of approximately 5% of patients being ineligible. OS and PFS were estimated using the Kaplan-Meier method. All analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA).
Results

Patient characteristics
Between May 2003 and March 2008, 51 patients with stage IV GC were enrolled in this study and underwent preoperative chemotherapy. Disposition of the enrolled patients is shown in Fig. 1 . No patients were ineligible, and all were observed for more than 2 years after registration. Table 1 shows the characteristics and tumor status of the 51 eligible patients. The median follow-up period of all patients was 19.2 months (range 4.5-81.5). Patients with a single prestage IV factor (n = 24) included 12 cases of pre-Cy1, 5 cases of pre-P1, 5 cases of pre-N3, and 2 cases of pre-H1. Simultaneous multiple pre-stage IV factors were observed in the remaining 27 patients. Patients with multiple prestage IV factors (n = 27) included 1 case of pre-(Cy1, P1, N3, M1), 1 case of pre-(Cy1, P1, N3), 2 cases of pre-(Cy1, P1, T4N2), 1 case of pre-(Cy1, P1, H1), 1 case of pre-(Cy1, H1, M1), 15 cases of pre-(Cy1, P1), 1 case of pre-(Cy1, N3), 1 case of pre-(Cy1, T4N2), 1 case of pre-(Cy1, H1), and 3 cases of pre-(N3, M1).
Survival
The 2-year OS and PFS rates were 43.1% (95% CI 29.4-56.1) and 33.3% (95% CI 20.9-46.2), respectively (Fig. 2a, b) . The median OS and PFS were 19.2 and 9.3 months, respectively. There were significant differences in OS in favor of both GC with R0 resection (p \ 0.0001) and GC with pre-Cy1 alone without any other stage IV factors (p = 0.0041), as shown in Fig. 2c, d . The 2-year OS of GC with pre-Cy1 alone was 75.0% (95% CI 40.8-91.2) and that of others was 33.3% (95% CI 19.3-48.0). Reasons for stopping treatment are noted in Fig. 1 . Toxic reactions of grade 3 or above are listed in Table 2 . Severe adverse events occurring during preoperative chemotherapy were noted in two patients (3.9%). Grade 4 toxic reactions of leukocytopenia, neutropenia, and anemia were observed in one patient. Cardiopulmonary arrest after diarrhea was observed in another patient, who was resuscitated successfully.
Surgical outcome
Surgery was performed in 44 patients, including total gastrectomy in 30, distal gastrectomy in 11, simple laparotomy in two, and gastrojejunostomy in one patient. The median (range) blood loss and surgery duration were 669 (0-3,228) mL and 286 (50-447) min, respectively. Extended nodal dissection was performed in 36 patients (D2, 32; D3, 4). Palliative gastrectomy with D0/D1 was performed in 5 patients to maintain oral intake. Combined resection was performed in 35 patients, including additional resection of 62 organs; namely, the spleen (n = 25), gallbladder (n = 21), distal pancreas (n = 7), colon (n = 3), liver (n = 2), mesocolon (n = 2), diaphragm (n = 1), and adrenal gland (n = 1). The surgical complication rate was 18.2%, including three cases of pancreatic fistula and abdominal abscess, and one case of anastomotic leakage.
The postoperative final tumor status (post-stage) of the 44 patients who underwent surgery was determined with comprehensive findings based on clinical, surgical, and pathologic findings according to the JGCA classification (Table 1) .
R0 resection rate
According to the pretreatment evaluation, 31 patients were diagnosed as ''unresectable''. After induction chemotherapy, 44 patients were diagnosed as ''resectable'' by CT and Table 3 . Twelve patients showed preCy1 without other c-stage IV factors (Cy1 alone). In these 12 patients, eradication of free peritoneal gastric cancer cells (FPGCs) with preoperative chemotherapy was observed and this led to R0 resection. Of 15 patients with pre-Cy0, two patients became post-Cy1 after preoperative chemotherapy.
Postoperative chemotherapy and recurrence
Of the 26 patients that underwent R0 resection, three patients showed no recurrence without postoperative chemotherapy. Reasons for not performing postoperative chemotherapy in these three patients were that 1 patient was ineligible for the starting criteria of the postoperative chemotherapy, 1 patient had prolonged pneumonia, and 1 patient refused. Postoperative chemotherapy was started in 34 patients, including 23 patients with R0 resection, and was completed in 11. No patients with noncurative resection completed 1 year of postoperative chemotherapy (n = 11). The relationship between postoperative chemotherapy and recurrence in R0 resection patients (n = 23) is summarized in Table 4 . The adverse effects of the postoperative chemotherapy are presented in Table 2 . Grade 4 toxic effects of neutropenia, fatigue, and dizziness were observed in one patient. Throughout the treatment period, severe adverse events were recorded in three patients (5.9%). No treatment-related death occurred. Of the 26 patients with R0 resection, 14 experienced recurrence. The Table 2 Adverse events of chemotherapy according to NCI-CTC version 2 Pre-pretreatment clinical tumor status at registration, Rec.-free recurrence free most frequent recurrence site was the peritoneum (n = 8), followed by the lymph nodes (n = 3).
NCI-CTC
National Cancer Institute common toxicity criteria, CDDP cisplatin, DIC disseminated intravascular coagulation Preoperative S-1 ? CDDP (n = 51) Postoperative S-1 (n = 34)
Discussion
The results of the present study indicate that the multimodal treatment used was safe and well tolerated by patients with stage IV GC. The clinical response rate for the preoperative chemotherapy was compatible with that reported in a previous study [6] . Surgical morbidity was acceptable. No treatment-related death occurred. With a mature follow-up, the 2-year OS rate of this treatment was 43% (95% CI 29.4-56.1). This appeared to be better than the 2-year OS of 20-25% that was estimated from previous studies of stage IV GC patients treated with chemotherapy alone or with surgery and postoperative chemotherapy [2, 3, 6, 22] . However, our study failed to show a survival benefit, because our threshold 2-year survival probability was estimated to be 35%. Although most of the eligible patients in our study had microscopic or macroscopic peritoneal dissemination, R0 resection was achieved in 51% of the patients after preoperative chemotherapy with S-1 plus cisplatin. R0 resection is reported to be one of the most reliable prognostic indicators for patients after preoperative chemotherapy [10, 17] . In line with these reports, the R0 resection group in the present study exhibited a significantly better prognosis. It is well known that the prognosis in patients with GC with multiple stage IV factors is miserable [23] [24] [25] . By virtue of staging laparoscopy, we frequently confirmed overt peritoneal carcinomatosis (pre-P1) or FPGCs (pre-Cy1). Other synchronous pre-stage IV factors were identified in 80% of pre-P1 patients and 66% of pre-Cy1 patients. The R0 resection rate was low in these patients, mainly due to remaining peritoneal carcinomatosis or FPGCs. Preoperative S-1 plus cisplatin might be inadequate for treating GC with multiple c-stage IV factors. In this situation, preoperative staging laparoscopy after the induction chemotherapy could have been useful to prevent futile laparotomy.
As for GC with a single pre-stage IV factor, the R0 resection rate in our study was as high as 79%. R0 resection due to eradication of FPGCs with preoperative chemotherapy was recorded in all patients with pre-Cy1 alone, leading to an improved prognosis. Generally, the 2-year overall survival (OS) rate of GC with pre-Cy1 alone (around 25-30%) is poor, even when conventional postoperative chemotherapy is administered [22, 26, 27] . In general, preoperative chemotherapy using a conventional regimen is insufficient for GC with pre-Cy1 [28] . Recently, improved prognosis was reported in patients with pre-Cy1 alone as a result of the eradication of FPGCs with preoperative cisplatin and folic acid plus fluorouracil. However, the eradication rate was low (37%), and a shift from negative to positive cytology findings during preoperative chemotherapy was observed in 24% of patients [29] . As for adjuvant chemotherapy for GC with post-Cy1 alone, the 2-year OS rate of these patients who underwent radical surgery followed by S-1 alone was reported to be 47% [30] . In contrast, in the present study, the eradication rate of FPGCs was 100%, leading to a 2-year OS rate of 75.0% (95% CI 40.8-91.2) in the patients with pre-Cy1 alone, and two patients (3.9%) had a shift from negative to positive cytology findings. This result was compatible with findings in our preliminary reports [7, 31] . S-1 shows a high rate of transfer into the peritoneal cavity [32] . Compared with S-1 alone, S-1 plus cisplatin improves the prognosis of patients with peritoneal metastasis [6] . These features of S-1 plus cisplatin might have contributed to the high eradication rate of FPGCs in the present study. Also, due to the high eradication rate of FPGCs, pretreatment staging laparoscopy is strongly recommended to distinguish advanced GC with pre-Cy1 from that with pre-Cy0.
Low compliance is often reported for postoperative chemotherapy, because the toxicity of combination regimens cannot be tolerated by patients after gastrectomy [8, 9] . Postoperative S-1 plus cisplatin has also been reported to be too toxic after gastrectomy [33] . To improve compliance with postoperative chemotherapy, S-1 alone was adopted as a postoperative regimen [12] . Consequently, the toxic profile of postoperative S-1 alone was milder than that of preoperative S-1 plus cisplatin. In the present study, the low completion rate of the postoperative chemotherapy was due to tumor progression in patients with multiple stage IV factors. Despite the postoperative chemotherapy, all patients with multiple pre-stage IV factors experienced recurrence after R0 resection. On the other hand, the recurrence-free rate of patients with a single pre-stage IV factor was 56% after postoperative chemotherapy. In particular, due to the low frequency of recurrence, patients with pre-Cy1 alone showed a high postoperative chemotherapy completion rate. Postoperative chemotherapy with S-1 alone might be effective in treating stage IV GC if the latent tumor burden is minimal after R0 resection.
In conclusion, the administration of preoperative S-1 plus cisplatin, followed by surgery and postoperative S-1, is safe and feasible for stage IV GC. However, this multimodal approach failed to show a beneficial effect for GC with multiple stage IV factors. Although the sample size in our study was small and 2 of 15 pre-Cy0 patients became post-Cy1, it seems that patients with pre-Cy1 with no additional non-curative factors might be good candidates for the present approach. Further clinical investigations for this subset should be undertaken using promising perioperative chemotherapy.
